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35 ( 2 ) The alkaloids of the Erythrina species continue to attract interest because of their pnysiological activities, which include paralysis of smooth muscle.2) They are classified into two groups: aromatic and non-aromatic alkaloids. Erysotrine (la) and erythraline (1b) are typical aromatic erythrinan alkaloids widely distributed in many Erythrina plants. 3 ) Their 8oxo derivatives, erysotramidine (2a) and 8-oxoerythraline (2b), occur in Erythrina arborescens ROXB.4) and Erythrina crysta-galli L.5) as minor constituents, respectively. The basic skeleton characteristically possesses a spiro carbon and a nitrogen shared by hydroindole (rings A and B) and tetrahydroisoquinoline (rings C and D) moieties. A further structural feature of these alkaloids is that they commonly possess an aromatic ring and a dienol system. Several syntheses of these alkaloids6,7) have been reported, including ours.8) Here, we report in detail our total synthesis of all of the alkaloids described above.
For synthesis of this unique erythrinan ring system, we have designed three different approaches: i) Diels-Alder approach, 9) ii) photochemical approach,10) and iii) intramolecular cyclization approach.11) All of them successfully lead to the erythrinan skeleton. In this paper we present details of the Diels-Alder approach.
This approach is based on the strategy of using an intermolecular Diels-Alder reaction of 1H-pyrrole-2, 3-dione (dioxopyrroline) as a method of perhydroindole synthesis. The dienophilic activity of dioxopyrroline was initially demonstrated by the reaction of 3-aryldioxopyrroline (3) with butadiene, yielding a perhydroindole (4),12) which constitutes the key step in the total synthesis of Amaryllidaceae alkaloids by Tsuda Chart 4 adducts (10) predominate when the N-substituents are small, while the unusual adducts (11) increase and predominate with the compounds possessing bulkier N-substituents. This inhibition of the approach of the diene to the C = C bond can be rationalized in terms of the steric hindrance originating from the non-coplanarity of the phenyl group to the dioxopyrroline ring in the N-substituted derivatives, where free rotation of the phenyl group is restricted by the N-substituents. This explanation is supported by the ultraviolet (UV) spectra of 7, where inhibition of resonance of the phenyl group with the C = C of the dioxopyrroline was observed in the N-substituted derivatives. 16) We therefore considered the isoquinolinopyrrolinedione (15) . The.dienophile is expected to be more reactive than the corresponding 2-aryldioxopyrrolines, since the presence of ring C restricts the free rotation of the aryl ring and forces the aromatic ring to be coplanar with the dioxopyrroline ring, thus decreasing the steric hindrance due to the aryl group. Moreover, this dienophile is attractive since the erythrinan skeleton can be constructed in one step by means of the Diels-Alder reaction. The product of this reaction with substituted 1,3-butadienes would provide ring A-functionalized erythrinans which are easily convertible to the natural alkaloids by further manipulations (decarbalkoxylation, reduction, etc.) of the functional groups. 15 
Synthesis of Isoquinolinopyrrolinediones
The isoquinolinopyrrolinedione (15) was readily prepared from arylethylamine in three steps by conventional methods. Condensation of the amine (16) with ethyl or methyl chloroformylacetate by the Schotten-Baumann method gave the amide (17) . Bischler-Napieralski cyclization of 17 by using polyphosphate ester (PPE)17) in CHCl3 gave the tetrahydroisoquinoline (18) in good yield. Compound 18c was identical with that reported by Battersby et al. 18 ) who obtained it by POC13 cyclization of 17c in 75% yield, and suggested the imino structure (19c). The proton nuclear magnetic resonance (1H-NMR) spectrum of 18c showed an olefinic proton signal as a singlet at 6 5.05. The infrared (IR) spectrum exhibited an ester carbonyl band in the low frequency (1660 cm -1) region, indicating the pesence of intramolecular hydrogen bonding to the NH group. These data are consistent with the enamino structure (18) with Z-configuration of the double bond. In acidic media, 18 changed to the imino form 19 (protonated) as demonstrated by the UV spectral change and disappearance of the olefinic proton in the 1H-NMR spectrum. Condensation of 18 with oxalyl chloride afforded the desired dioxopyrroline (15) as red to reddish orange crystals in good yield. Thus, four isoquinolinopyrrolinediones (15a-d) were prepared from homoveratrylamine and 2(3,4-methylenedioxyphenyl)-ethylamine in satisfactory yields
Diels-Alder Reactions of Isoquinolinopyrrolinedione with 1,3-Butadienes
In order to establish the dienophilic activity of the dioxopyrrolines (15), we carried out Diels-Alder reaction of 15 with several 1,3-butadienes.
Heating of 15a and 1,3-bis(trimethylsilyloxy)-butadiene19) in dioxane at 130 °C for 30 min gave the adduct (20a) as a single product in 65% yield . l-Methoxy-3-trimethyl-silyloxybutadiene20) also smoothly underwent cycloaddition to 15a , giving the adduct (21a) in 82% yield. Similarly, 15b-d on heating with these activated dienes gave the adducts (20b -d) and (21b-d) as sole products in comparable yields . Thus, the Diels-Alder reaction readily occurred in a highly regio-and stereospecific manner.
The Diels-Alder reaction of 15 with l-methoxybutadiene, although more forcing conditions were required, also proceeded in a highly specific manner to give the adduct (22) in moderate yields. Similarly, 2-trimethylsilyloxybutadiene afforded regiospecifically the adduct (24) , although in a lower yield. However, with butadiene they showed poor dienophilic (37), which was produced by treatment of the adduct (35) with KF in THF, was treated with n-Bu4NBH4 in CH2C12, only the C7-ketone was reduced to give the ketol (38) . This, on acidic treatment, afforded the enone (33a), which was identical with the compound obtained from 20a. The adduct (39) obtained from 15d was transformed to the methoxy diacetate (41) by desilylation with KF. This diacetate was obtained as a mixture as regards the stereochemistries of the C3-and C7-OAc groups. None of them was identical with 32, confirming that the In summary, the Diels-Alder strategy was demonstrated to be effective for the synthesis of erythrinan alkaloids. Erysotrine and erythraline were prepared in 10 steps from the commercially available arylethylamines in 10% and 13% overall yields , respectively. Thus, this synthetic method of Erythrina alkaloids involves the least steps and gives the highest total yield among the hitherto known methods . 
